[1] A geomagnetic storm event is identified wherein the base of the equatorial F layer (h 0 F) over dip equator moved unusually upward till premidnight hours and descended thereafter. The h 0 F variation is linearly correlated with the variation in the smoothed auroral electrojet index (AE) which varies slowly. The fast fluctuations (residuals) with periodicity $42 min in the vertical plasma drift are found to be causally related with the fast fluctuations in the dawn-todusk component of interplanetary electric field (IEFy) and interestingly, not with the fast fluctuations in AE. However, during the interval when a substorm was triggered in association with sharp transitions in IEFy polarity, the drift fluctuations follow the AE fluctuations and are out of phase with IEFy fluctuations. The investigation demonstrates distinctive effects of IEFy and substorm-related current systems on the zonal electric field over dip equator in the premidnight hours during geomagnetic storms.
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Introduction
[2] It is well-known that the F region vertical plasma drift corresponding to zonal electric field over dip equator changes from upward to downward direction during postsunset hours. However, this transition, in general, takes place via an intermediate condition when the zonal electric field gets enhanced prior to the reversal. This pre-reversal enhancement (PRE) of zonal electric field lifts the F layer to higher altitudes and in the presence of a rapidly depleting E layer at the bottom, favors the occurrence of Equatorial Spread F (ESF) irregularities [e.g., Sekar and Kelley, 1998, Fejer et al., 1999] . Scherliess and Fejer [1999] brought out the variations in the magnitude of PRE with solar cycles. Morphological studies by Subbarao and Krishna Murthy [1994] indicate that PRE of zonal electric field over Indian zone occurs at $1900 IST (Indian Standard Time, IST = Universal Time, UT + 5.5 hr) during equinoctial months under geomagnetically quiescent conditions irrespective of solar epoch. However, during geomagnetic storms and/or substorms, the zonal electric field over equatorial region may get significantly affected [e.g., Reddy et al., 1979; Sastri, 2002; Kelley et al., 2003 ] by interplanetary electric field (IEF) and/or substorm. Although a few aspects of these effects have been addressed based on spectral investigations [e.g., Earle and Kelley, 1987; Chakrabarty et al., 2005; Nicolls et al., 2007] , explicit attempt has not been made to delineate the effects of IEFy (storm) and substorm-related perturbations on the equatorial F region zonal electric field when both storm and substorm are present simultaneously. In the present communication, one such event is chosen and the effects due to storm and substorm on the F region zonal electric field over dip equator are brought out based on spectral investigations.
Results
[3] Figure 1a depicts the h 0 F ascent (circles joined by line) over Thumba (8.7°N, 77.0°E, dip angle 0.5°N) on March 21, 1998 (Ap = 35 on this day after five quiet days) during 1600 hr to 2130 IST by $250 km (from $220 km to $470 km) and subsequently, faster descent after 2130 IST to come back to $220 km by midnight (also referred as 2400 IST). This variation in h 0 F during 1930-2400 IST is distinctly different from the mean variation (thick solid line) of h 0 F derived from six quiet days of the month. Note that the variation of h 0 F slightly deviates from the mean quiet day variation during 1600-1800 IST and, very prominently, during the interval 1930 -2330 IST. The temporal variations of auroral electrojet indices, AE (stars joined by line), that assimilated magnetic data from 12 stations in the auroral region, are presented in Figure 1b . As the stations are unevenly spaced and limited in number, magnetic events longitudinally localized and/or latitudinally outside the AE station network, may go undetected [see Gjerloev et al., 2004, and references therein] . The smoothed (slowly varying component) AE variation (thin solid line) obtained by Savitzky-Golay (SG) smoothing algorithm [Savitzky and Golay, 1964] during 1600 -2400 IST are also superimposed on the AE variation shown in Figure 1b . The advantage of SG algorithm is its ability to suppress the noise with less distortion. It is noted that the temporal variation of the smoothed AE closely follows the h 0 F variation during 1800-2130 IST. The concurrent reduction in h 0 F altitude and AE from 2130 IST till $2300 IST is also striking. A linear regression analysis of the smoothed AE curve with the h 0 F variation during 1800 -2300 IST yields high correlation coefficient (r = 0.89). Though range ESF was present over Thumba during 2000 -2400 IST and as the ionogram traces at low frequencies are rather well-defined, h 0 F variation during this period is fairly reliable. In order to additionally verify, the measured OI 630.0 nm airglow intensity variations on this night (grey curve, Figure 1c 
